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Abstract: Metro Product is utilized in metropolitan areas, agglomerations, and urban centers to move 
large figures of individuals. A metro product is a railway transport system in a major city having a high 
capacity, frequency and also the grade separation using their company traffic. The current study 
concentrates on two major elements, pier and box girder, of the elevated metro structural system. 
Throughout a seismic loading, the conduct of merely one pier elevated bridge relies totally on the ductility 
and also the displacement capacity. You should look into the ductility of these single piers. Pressure based 
methods don't clearly look into the displacement capacity throughout the design. The style of the pier is 
completed by both pressure based seismic design method and direct displacement based seismic design 
method in part one from the study. Within the second part, a parametric study conduct of box girder 
bridges is transported out by utilizing finite element method. These parameters are utilized to assess the 
responses of box girder bridges namely, longitudinal stresses at the very top and bottom, shear, torsion, 
moment, deflection and fundamental frequency of three kinds of box girder bridges. The performance 
assessment of selected designed pier demonstrated that, the Pressure Based Design Method might not 
always ensure the performance parameter needed and in our situation the pier achieved the prospective 
requirement. In situation of Direct Displacement Based Design Method, selected pier achieved the 
conduct factors greater than targeted Values. It's observed that because the span length increases 
longitudinal stresses at the very top and bottom, shear, torsion, moment and deflection increases for 3 
kinds of box girder bridges. Because the span length increases, fundamental frequency decreases for 3 
kinds of box girder bridges. Also, it's noted that because the span length towards the radius of curvature 
ratio increases responses parameter longitudinal stresses at the very top and bottom, shear, torsion, 
moment and deflection are increases for 3 kinds of box girder bridges. Because the span length towards 
the radius of curvature ratio increases fundamental frequency decreases for 3 kinds of box girder 
bridges. 
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I. INTRODUCTION 
Metro Product is utilized in metropolitan areas, 
agglomerations, and urban centers to move large 
figures of individuals at high frequency. The grade 
separation enables the metro to maneuver freely, 
with fewer interruptions and also at greater overall 
speeds. Metro systems are usually situated in 
subterranean tunnels, elevated viaducts above street 
level or grade separated at walk out. A heightened 
metro structural product is more preferred one 
because of easy construction and it makes cities 
readily available with no construction difficulty. A 
heightened metro structural system has got the 
advantage that it's more economic than a 
subterranean metro system and also the 
construction time is a lot shorter [1]. A heightened 
metro system has two major components pier and 
box girder. Viaduct or box girder of the metro 
bridge requires pier to aid the each length of the 
bridge and station structures. Piers are built in a 
variety of mix sectional shapes like round, 
elliptical, square, and rectangular along with other 
forms. The piers considered for that present study 
have been in rectangular mix section which is 
located under station structure. Box girders are 
utilized extensively in the making of a heightened 
metro rail bridge and using horizontally curved in 
plan box girder bridges in modern metro rail 
systems is very appropriate in fighting off tensional 
and warping effects caused by curvatures. The 
tensional and warping rigidity of box girder is a 
result of the closed portion of box girder. This area 
section also offers high bending stiffness and 
there's a competent utilization of the complete mix 
section. 
 
Fig.1.Elevated Bridge 
II. SYSTEM STUDY 
Performance study from the typical pier created by 
a Pressure Based Design (FBD) Method and Direct 
Displacement Based Design (DDBD) Technique is 
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described within this chapter. The pier was created 
according to FBD and DDBD Method. 
Performance assessment is transported out for that 
designed pier and also the answers are discussed 
briefly. The geometry of pier considered for that 
present study is dependent on the look basis report 
from the Bangalore Metro Rail Corporation 
(BMRC) Limited [2]. The piers considered for that 
analysis come in the improved metro station 
structure. The effective height from the considered 
piers is 13.8 m. The modeling and seismic analysis 
is transported out while using finite element 
software STAAD Pro. The performance level 
considered for that study is really an Existence 
Safety (LS) level. The parametric study is 
transported to understand the result of displacement 
ductility on base shear for various Performance 
levels. The performance assessment is completed to 
review the performance of designed pier by 
Pressure Based Design Method and Direct 
Displacement Based Design Method. The conduct 
factor (R´) is the number of the force needed to 
keep the dwelling elastic towards the inelastic 
design strength from the structure. In Pressure 
Based Design, a pressure reduction factor (R) of 
two.5 can be used, and also the design base shear is 
believed to become 891kN within the FBD. The 
performance parameters from the section designed 
using FBD implies that the conduct factor R is 
discovered to be a couple of.74. Exactly the same 
pier was created utilizing a DDBD way of target 
displacement ductility and drift, the performance 
parameters structural ductility and structural drift 
are located out of these cases. It implies that the 
achieved performance parameters are greater than 
assumed within the design stage in the two cases of 
DDBD. Although the FBD might not always 
ensure the performance parameter needed, in our 
situation the pier achieves the prospective 
requirement. Within the situation of DDBD, the 
look views the prospective displacement ductility 
and drift in the design stage, and also the present 
study implies that both in the examples the DDBD 
method achieves the conduct factors greater than 
targeted Values. These conclusions can be viewed 
as just for the chosen pier. For General conclusions 
many situation studies is needed which is treated 
like a scope of future work. 
 
Fig.2.Multi box Girder 
 
III. BOX GIRDER BRIDGES 
Parametric study of box girder bridges using finite 
element technique is described within this chapter. 
The parameters of box girder bridges considered 
within this study are radius of curvature, span 
length, span length towards the radius of curvature 
ratio and quantity of boxes. The different responses 
parameters considered would be the longitudinal 
stress at the very top and bottom, shear torsion, 
moment, deflection and fundamental frequency. 
The parametric study is transported out, using 60 
bridge models, to research the conduct of box 
girder bridges [3]. The geometry of Box Girder 
Bridge considered in our study is dependent on the 
look basis report from the Bangalore Metro Rail 
Corporation (BMRC) Limited. Within this study, 
60 figures of simply supported box girder bridge 
model are recognized as for analysis to review the 
conduct of box girder bridges. The moving load 
analysis is conducted for live load of two lanes IRC 
6 Class A (Tracked Vehicle) loading for the cases 
considered by utilizing SAP 2000. The longitudinal 
stress at the very top and bottom, shear, torsion, 
moment, deflection and fundamental frequency is 
calculated and in contrast to Single Cell Box Girder 
(SCBG), Double Cell Box Girder (DCBG) and 
Triple Cell Box Girder (TCBG) bridge cases for a 
number of parameters viz., radius of curvature, 
span length, and span length towards the radius of 
curvature ratio. The finite element modeling 
methodology adopted for validation study can be 
used for that present study. The modeling of Box 
Girder Bridge is transported out using Bridge 
Module in SAP 2000. The Covering element can be 
used within this finite element model to discredit 
the bridge mix section. Each and every node it's six 
levels of freedom: translations within the nodal x, 
y, and z directions and rotations concerning the 
nodal x, y, and z axes. The parametric study is 
transported to investigate behavior of box girder 
bridges for various parameters viz. radius of 
curvature, span length, span length to radius of 
curvature ratio and quantity of boxes. To convey 
the conduct of box girder bridges curved in plan 
with regards to straight one, a parameter a is 
introduced. As is understood to be the number of 
response from the curved box girder towards the 
straight box girder [4]. Because the radius of 
curvature increases, the longitudinal stress at the 
very top side from the mix section decreases for 
every kind of Box Girder Bridge. Variation of 
Stress between radius of curvature 100 m and 400 
m is just a couple of % which is same for the three 
cases. Stress variation in between each kind of box 
girder is just about one percent. Figure 4.5 
represents a non-dimensional type of the strain 
variation for the three kinds of box girder. It 
implies that stress variation pattern is same for the 
three kinds of box girder. Two lanes with 120 m 
radius of curvature Single Cell Box Girder Bridge 
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(SCBG), Double Cell Box Girder Bridge (DCBG) 
and Triple Cell Box Girder Bridge (TCBG) are 
analyzed for various span length towards the radius 
of curvature of ratio as one example of the 
variation of longitudinal stresses at bottom and top, 
shear, torsion, moment, deflection and fundamental 
frequency having a span period of box girder 
bridges. Because the span length towards the radius 
of curvature of ratio increases, longitudinal stress 
towards the top of box girder increases for every 
kind of Box Girder Bridge. Variation of 
longitudinal stress towards the top of box girder 
between span length towards the radius of 
curvature of ratio .1 - .6 is all about 92 % for the 
three cases also it implies that aftereffect of span 
length towards the radius of curvature from the 
ratio on longitudinal stress at the very top is 
important. Variation of longitudinal stress at top 
between three kinds of box girder is just about one 
percent. Because the span length towards the radius 
of curvature of ratio increases, longitudinal stress at 
bottom of box girder increases for every kind of 
Box Girder Bridge. Variation of longitudinal stress 
at the end of box girder between span length 
towards the radius of curvature of ratio .1 - .6 is all 
about 92 % for the three cases also it implies that 
aftereffect of span length towards the radius of 
curvature from the ratio on longitudinal stress at 
the end can also be significant. Variation of 
longitudinal stress at bottom between three kinds of 
box girder is all about four percent. The statistical 
analysis of finite element model is validated with 
type of Gupta et al. (2010). The parameter 
considered within this chapter to provide the 
conduct of SCBG, DCBG and TCBG bridges are 
radius of curvature, span length and span length 
towards the radius of curvature ratio. Theses 
parameters are utilized to assess the response 
parameter of box girder bridges namely 
longitudinal stresses at the very top and bottom, 
shear torsion, moment, deflection and fundamental 
frequency of three kinds of box girder bridges. The 
outcomes acquired out of this parametric study are 
presented and discussed briefly within this chapter. 
In the parametric study it's learned that because the 
radius of curvature increases, responses parameter 
longitudinal stresses at bottom and top, shear, 
torsion, moment and deflection are decreases for 3 
kinds of box girder bridges also it shows very little 
variation for fundamental frequency of three kinds 
of box girder bridges because of the constant span 
length [5]. It's observed that because the span 
length increases, responses parameter longitudinal 
stresses at the very top and bottom, shear, torsion, 
moment and deflection are increases for 3 kinds of 
box girder bridges and fundamental frequency 
decreases for 3 kinds of box girder bridges. It's 
noted that because the span length towards the 
radius of curvature ratio increases responses 
parameter longitudinal stresses at bottom and top, 
shear, torsion, moment and deflection are increases 
for 3 kinds of box girder bridges so that as span 
length towards the radius of curvature ratio 
increases fundamental frequency decreases for 3 
kinds of box girder bridges. 
IV. CONCLUSION 
The performance assessment of selected designed 
pier demonstrated that, Pressure Based Design 
Method might not always ensure the performance 
parameter needed and in our situation the pier just 
achieved the prospective needed. In situation of 
Direct Displacement Based Design Method, 
selected pier achieved the conduct factors greater 
than targeted Values. The parametric study conduct 
of box girder bridges demonstrated that, Because 
the radius of curvature increases, responses 
parameter longitudinal stresses at the very top and 
bottom, shear, torsion, moment and deflection are 
decreases for 3 kinds of box girder bridges also it 
shows very little variation for fundamental 
frequency of three kinds of box girder bridges 
because of the constant span length. Because the 
span length increases, responses parameter 
longitudinal stresses at the very top and bottom, 
shear, torsion, moment and deflection are increases 
for 3 kinds of box girder bridges and fundamental 
frequency decreases for 3 kinds of box girder 
bridges. Because the span length towards the radius 
of curvature ratio increases responses parameter 
longitudinal stresses at the very top and bottom, 
shear, torsion, moment and deflection are increases 
for 3 kinds of box girder bridges so that as span 
length towards the radius of curvature ratio 
increases fundamental frequency decreases for 3 
kinds of box girder bridges. 
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